Introduction
============

To date, most nutritional research has focused on studying the foods and nutrients consumed in the diet, the factors that influence their intake, and their impact on health and disease. Recently, there has been a move towards exploring patterns of food consumption, such as the frequency of eating and the timing of consumption during the day.^[@bib1]^ Associations between breakfast skipping, late night eating and obesity are described in cross-sectional ^[@bib2],\ [@bib3]^ and longitudinal studies.^[@bib4],\ [@bib5],\ [@bib6],\ [@bib7],\ [@bib8]^ The time and nutrient composition of a meal has also been shown to induce insulin resistance, hypertriglyceridemia and leptinemia in animals.^[@bib9]^ De Castro^[@bib10],\ [@bib11],\ [@bib12],\ [@bib13]^ has indicated that the distribution of energy influences total daily energy intake over the day, and that the time and macronutrient composition of a meal produces nutrient-specific changes in intake, such that greater consumption of carbohydrate at breakfast is associated with lower energy and carbohydrate intake over the day whereas greater intake in the evening is associated with higher daily energy and macronutrient intake.^[@bib11]^ Consistent with this, individuals consuming high-carbohydrate and high-fibre breakfasts have lower daily energy intake and lower BMI compared with those eating high-protein breakfasts.^[@bib14]^

To date few recommendations exist for the appropriate distribution of intake of energy across the day^[@bib15],\ [@bib16]^ and there is limited research describing the distribution of energy and macronutrient on a population level.^[@bib17],\ [@bib18]^ Moreover, although there is a general belief that eating patterns have changed in recent decades, there is little information on changes in the distribution of energy and nutrient intake over time.

The present study aimed to describe the distribution of energy and macronutrient intake across different eating occasions and to assess long-term changes in energy and macronutrient intake over two decades in the 1946 British birth cohort.

Methods
=======

Study population
----------------

The Medical Research Council (MRC) National Survey of Health and Development (NSHD), or the 1946 British birth cohort, is a social class-stratified longitudinal study of a random sample of 2815 men and 2547 women born in England, Scotland and Wales during the first week of March 1946. Cohort members were followed through their lifecourse and information on health, lifestyle, social background and various other aspects were collected at twenty-one occasions through a variety of interview methods. Dietary data were collected at age 4 years and three times in adulthood, at ages 36 (1982), 43 (1989) and 53 years (1999). Adult dietary assessment was achieved through completion of 5d-estimated diaries. By 1982 (age 36 years), 3322 were still actively participating in the survey with 323, 644, 520 and 553 cohort members being lost due to death, emigration, refusal and failure to trace, respectively. Of these, 1253 cohort members (562 men and 691 women) provided at least 3d of dietary record at all three adult time points collected so far and are the sample used in the present analysis. Ethical approval was obtained from the Multicentre Research Ethics Committee.

Dietary assessment
------------------

Details of subject characteristics and dietary assessment have been described elsewhere.^[@bib19]^ Briefly, cohort members were interviewed by research nurses at ages 36 (1982), 43 (1989) and 53 years (1999). Detailed instructions on how to complete the 5d-estimated diet diaries were given by the nurses on each occasion. Guidance notes were provided at the beginning of each diary to assist subjects in describing portion sizes using household measures; photographs were introduced in 1989 to assist portion-size estimation.

Cohort members were instructed to record all food and drinks consumed both at home and away. In 1982, diet diaries were divided into six time slots: pre-breakfast, breakfast, mid-morning, lunch, mid-afternoon and evening. An additional time slot labelled 'extra\' was made available for foods consumed through the day but not reported in previous time slots. In 1989 and 1999, the evening meal time slot was further divided into 'dinner\' and 'up to last thing in the evening\'. For the purpose of the present analysis, data from the latter two time slots were combined into one meal slot 'evening\' to enable comparison with dietary data in 1982. However, additional analyses excluding data from 1982 were also performed to determine any differences in energy and macronutrient intake between 1989 and 1999 in the 'dinner\' and 'up to last thing in the evening\' time slots. A decision was made to combine the pre-breakfast and breakfast time-slots as only 3% of the population reported eating \>100 kcal during the pre-breakfast period. Diet diaries were coded using the in-house programme Diet In Data Out (DIDO).^[@bib20]^ Nutrient analysis were performed using the in-house suite of programs based on McCance and Widdowson\'s *The Composition of Foods*, taking into account food composition and portion sizes appropriate to the period of consumption.^[@bib21],\ [@bib22],\ [@bib23]^

Occupational social class
-------------------------

The occupational social class of cohort members at 53 years was used as a marker of socioeconomic position, and was classified according to the Registrar General (1980) as either non-manual (managerial, professional, skilled professional ancillaries and service providers) or manual (skilled, non-skilled and agricultural workers).^[@bib24]^

Statistical analysis
--------------------

Mean energy and macronutrient intake for each of the six time slots in each of the 3-assessment years was calculated together with the 95% confidence intervals. Repeated-measures analysis of variance with *post hoc* Bonferroni\'s adjustment were used to examine changes in energy and macronutrient distribution between 1982 and 1999. Because absolute intakes of energy and macronutrients at a particular time slot depend on overall daily intake, all data were expressed as proportions of daily intake.^[@bib11]^ Differences in energy and macronutrient distributions in 1982 between men and women and between adults with a manual or non-manual occupation were examined using an independent sample *t*-test. A mixed between--within subjects analysis of variance was also used to investigate changes in energy and macronutrient distribution at each time slot between 1982 and 1999 with sex or social class as a between-subject factor. Because significant year-by-sex and year-by-social class interactions were observed at some time slots, sex and social class stratified analyses were also performed. To establish whether there were differences in energy and macronutrients trends between weekdays and weekends, additional sensitivity analyses were conducted in which year-by-day of the week interactions were included in linear mixed models. We also ran analyses by including year-by-compliance interactions to examine whether there were differences in energy and nutrient trends between survey members who completed dietary assessment at all survey years and those who provided data at only one or two dietary assessment points. This sensitivity analysis was performed to account for the possibility that cohort members who completed dietary assessment at all time points might be more compliant. Significant interactions would suggest that the findings might have arisen as a result of including data from a more compliant sample of the population. All data were analysed using Predictive Analytics SoftWare version 18 (SPSS Inc., Chicago, IL, USA). Significance level was set at *P*\<0.05.

Results
=======

Changes in energy and macronutrient distribution over the day and survey years in the NSHD birth cohort
-------------------------------------------------------------------------------------------------------

The distribution of energy and macronutrients varied considerably through the day in each of the survey years ([Table 1](#tbl1){ref-type="table"}).

Lunch and evening meals were found to contribute the greatest proportion of daily energy and macronutrient intake compared with other meal slots ([Figures 1](#fig1){ref-type="fig"} and [2](#fig2){ref-type="fig"}). The daily distribution of energy and macronutrients changed from 1982 through 1999. The proportion of daily energy, fat, protein and carbohydrate consumed at breakfast decreased between 1982 and 1989, but then returned to similar levels to 1982 between 1989 and 1999. Non-starch polysaccharides (NSP) intake decreased between 1989 and 1999. Lunch had a lower contribution to overall daily intake of energy, protein, alcohol and NSP in 1999 compared with 1982. However, the contribution of lunch to daily fat intake was higher in 1989 compared with 1999. A shift towards greater energy and macronutrient intake in mid-afternoon and evening was observed in 1989 and 1999 compared with 1982. Evening alcohol intake, in particular, increased from 36% of total daily intake in 1982 to 63% in 1999. Between 1989 and 1999, this rise in proportion of evening alcohol consumed occurred as a result of an increase in the proportion of alcohol consumed at dinner from 30.5% (95% CI, 28.0--33.0) to 38.6% (95% CI, 36.3--75.1) (*P*\<0.001). Separate analysis of the 'dinner\' and 'up to last thing in the evening\' time slots demonstrated no differences in energy intake at 'dinner\' and 'up to last thing in the evening\' between 1989 and 1999, and no changes in protein and carbohydrate intake at 'up to last thing in the evening\' (data not shown) implying that most of the shift in energy and macronutrient intake towards the evening occurred between 1982 and 1989. No significant interactions between survey year and day-of-the-week were observed suggesting that changes in energy and macronutrient distribution were similar between weekdays and weekends (data not shown). Similarly, no significant interactions between survey year and compliance were observed (data not shown) suggesting that trends in the distribution of energy and macronutrients changed to a similar extent between 1982 and 1999 in survey members who provided data on one or two time points compared with survey members who completed dietary assessment at all time points.

Sex differences in energy and macronutrient distribution
--------------------------------------------------------

In 1982, women obtained a larger proportion of their energy, carbohydrate and NSP at breakfast compared with men who ingested a greater proportion of energy and macronutrients at lunch. Women also had a higher energy, fat and carbohydrate intake at mid-afternoon.

When changes in energy and macronutrient distribution between 1982 and 1999 were analysed according to sex, small but significant differences in energy and macronutrient distribution between men and women were observed at some meal slots. Repeated-measures analysis of variance with sex as the between-subject factor revealed a significant effect of survey year and year-by-sex interaction on energy (*P* for interaction=0.005), carbohydrate (*P*=0.013), protein (*P*=0.018) and fat (*P*=0.003) at breakfast and on protein intake at mid-morning (*P*=0.013). Women showed a greater reduction in energy and macronutrient intake at breakfast between 1982 and 1989 with a subsequent greater increase between 1989 and 1999 compared with men ([Figure 3](#fig3){ref-type="fig"}). Significant interactions were also observed for NSP intake at breakfast (*P*\<0.0001) and lunch (*P*=0.001). Differences in protein intake between survey years and between men and women were also noted in the evening (*P*=0.033). Women had a greater rise in protein intake between 1982 and 1989, which was followed by a decline in protein intake in 1999 compared with men who showed a progressive increase in protein intake between 1982 and 1999. Differences across the years in intake of energy and macronutrients were also observed at lunch and mid-afternoon. However, no year-by-sex interaction was seen suggesting that the change pattern was similar between men and women. Results of stratified analyses are presented in [Figures 3](#fig3){ref-type="fig"} and [4](#fig4){ref-type="fig"}.

Social class differences in energy and macronutrient distribution
-----------------------------------------------------------------

Compared with adults with a non-manual occupation, adults with a manual occupation consumed a lower proportion of energy, protein, carbohydrate and NSP at breakfast in1982. They also had a lower alcohol intake at dinner although they reported a greater proportion of alcohol intake and other macronutrients within the extra slot. Adults with a non-manual occupation had a higher energy and fat intake in the evening in 1982 and a lower NSP intake.

There was a significant effect of year and year-by-social class interaction on energy (*P*=0.002), protein (*P*=0.003), fat (*P*=0.017) and NSP intake (*P*\<0.0001) at breakfast and on energy (*P*=0.004), protein (*P*=0.001), fat (*P*=0.030) and NSP intake (*P*=0.008) at lunch. The decline in energy, protein and fat intake at breakfast in 1989 was greater in the non-manual group but the rise in intake of these nutrients between 1989 and 1999 was greater in the manual group ([Figure 5](#fig5){ref-type="fig"}). Intake of NSP decreased progressively in the non-manual group compared with the manual group where the rise in NSP intake in 1989 was followed by a decline in 1999 ([Figure 6](#fig6){ref-type="fig"}). At mid-afternoon, year-by-social class interactions were observed for energy (*P*=0.018), protein (*P*=0.001) and fat (*P*=0.038), the values for which increased to a greater extent in the manual group. Within the extra time slot, a larger decline in the proportion of energy intake was seen in the manual group compared with non-manual group (year-social class interaction *P*=0.046). Results of stratified analyses are presented in [Figures 5](#fig5){ref-type="fig"} and [6](#fig6){ref-type="fig"}.

Discussion
==========

The present study demonstrates that energy and macronutrient intake vary through the day and that over the two decades the distribution of energy and macronutrient intake has shifted slightly towards the mid-afternoon and evening. The greater contribution of lunch and evening meals to total daily energy and macronutrient intake is consistent with the work of de Castro,^[@bib11]^ who showed that energy intake increases progressively through the day. This effect could be attributed to the gradual increase in meal size over the day^[@bib10],\ [@bib11]^ possibly because of reduced satiety.^[@bib10]^ However, to our knowledge, no studies have as yet described prospective changes in both energy and macronutrient distribution, although changes in the prevalence of breakfast skipping and late night eating have been reported in children^[@bib25],\ [@bib26]^ and adults.^[@bib27]^ Our findings are in agreement with the greater evening energy intake reported in the United States and Dutch student populations but not in the French.^[@bib11]^ In the latter population both lunch and evening meals contribute equally to daily energy intake,^[@bib28]^ highlighting cultural and social factors as potential determinants of energy and macronutrient distribution. Changes in temporal distribution of eating occasions, snacking, breakfast skipping, night-eating and frequency of meals eaten away from home have been reported in countries experiencing rapid social and economic transition.^[@bib29],\ [@bib30],\ [@bib31]^ In working Korean adults, a trend of breakfast skipping, eating away from home and snacking on energy-dense foods in the evening has been described.^[@bib31]^ Likewise, Thomas^[@bib32]^ indicated variations in the frequency of breakfast skipping on weekdays compared with weekends and employed versus unemployed British women. Thomas^[@bib32]^ also observed that the social context of a meal determines the size of meals, with lunch being perceived as a snack eaten away from home amongst working British adults and dinner being viewed as a large social event bringing family members together.^[@bib32]^ It could, thus, be hypothesised that longer working hours, time scarcity, social commitments, changing family structures and greater availability of foods^[@bib33]^ may all have contributed to the changing trends seen in energy and macronutrient distribution in the current analysis.

Absolute intake of fat (grams per day), and to a lesser extent the proportion of fat, declined progressively at breakfast between 1982 and 1999. Previous NSHD analyses have reported a reduction in the percentage energy from fat from 38.5% in 1982 to 34.4% in 1999.^[@bib19]^ This was attributed to a reduction in fat content of meat and meat products, such as bacon and ham, as a result of improved butchery methods, animal feeds and selective breeding.^[@bib19]^ Although lower fat content of ham and bacon may have contributed to the lower fat intake at breakfast, decreased consumption of cooked breakfast, cakes and biscuits^[@bib34]^ and the shift in consumer preference towards low-fat milk and spreads are more likely to explain these findings.^[@bib35]^ Analysis of secular changes in consumption of specific foods may explain our findings further but was beyond the scope of the current investigation of nutrients.

In the present analysis, the proportion of NSP intake at breakfast was lower in 1999 compared with 1989. However, absolute intakes were higher implying that the reduction in the proportion of NSP intake at breakfast is likely to have occurred as a result of greater NSP intake in mid-afternoon. Indeed, over time, energy and macronutrient intake shifted towards later in the day. This redistribution of macronutrient intake towards the evening may be detrimental to health.^[@bib28],\ [@bib31],\ [@bib36]^ Evening eating is associated with various metabolic abnormalities and obese subjects exhibit a distinct eating pattern characterised by greater energy intake in the afternoon and evening.^[@bib37]^ Together this evidence raises the question as to whether differences in energy and macronutrient distribution could account for variations in cardiometabolic risk factors across sex and socioeconomic position. Our analysis show that women ate a greater proportion of energy and NSP at breakfast in 1982 compared with men who had a greater intake of energy and macronutrient at lunch. Similarly, adults with a manual occupation reported lower energy intake at breakfast in 1982 compared with adults with a non-manual occupation. The pattern of change in eating profiles also varied across sex and socioeconomic position with social differences persisting over the years, possibly highlighting socioeconomic position as a stronger determinant of energy and macronutrient distribution than sex. Alternatively, changes in household composition between 1982 and 1999 with more women returning to work in 1999 as opposed to staying at home with children may have reduced sex differences.^[@bib38]^

There are several limitations to our findings. Differentiating secular trends from age effects is difficult in birth cohorts.^[@bib18]^ The NSHD sample is exclusively white and does not include people from other ethnic groups, adults with a manual occupation are under-represented.^[@bib39]^ The observed rise in energy and macronutrient intake in the evening may have arisen as an artefact of combining 'dinner\' with 'up to last thing in the evening\', particularly as most of the changes in intake were detected between 1982 and 1989. An inherent problem of the diet diaries used in NSHD is the inclusion of the 'extra\' time slot. This slot could have biased recording, which could be supported by sex and socioeconomic differences in use of this time slot. It also remains unclear whether the observed reduction in the proportion of energy and macronutrients in the 'extra\' slot over time has a risen as a consequence of the additional instructions for completion or the changing structure of the diet diaries in 1989 and 1999. Description of meals in the diet diaries was also subjective and not defined by time and the analyses did not control for under reporting. Finally, selection bias is a common problem in longitudinal studies as the nutrient intake of dropouts could be different from those who completed dietary assessment at all three time points. However, our results suggest that trends in energy and macronutrient distribution were similar between survey members who provided data at one or two dietary assessment points compared with those who completed dietary assessment at all time points.

The strengths of our analyses lie in the longitudinal design of NSHD and the rigour of the dietary assessment method, where dietary data collected is coded and calculated taking into account portion sizes common of the population time point assessed and using food composition databases appropriate for the period of consumption. Although changes in dietary coding, portion size estimation and nutrient databases have been viewed as limitations,^[@bib19]^ the NSHD remains in many respects representative of the national population of a similar age^[@bib39]^ and trends in energy and nutrient intake are comparable between NSHD and National Diet and Nutrition Survey.^[@bib40],\ [@bib41],\ [@bib42]^

In conclusion, the present study demonstrates that energy and macronutrient distribution varies through the day and that in recent years energy and macronutrient intake has shifted towards later in the day. The implications of such changes to long-term risk of obesity and cardiovascular disease remain to be determined.
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![Secular changes in proportion of energy, protein, fat and carbohydrate intake at breakfast, mid-morning, lunch, mid-afternoon, evening and extra time slots in adults with a non-manual and manual occupation. Corresponding meal slots with different letters (a, b, c) indicate significant differences across the survey years. Meal slots with no letters are not significantly different from corresponding meal slots from other years. Extra (), evening (), mid-afternoon (), lunch (), mid-morning () and breakfast ().](ejcn2011210f5){#fig5}
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###### Absolute intake of energy and macronutrient at different meal slots in the NSHD birth cohort (*n*=1253)

                       *Breakfast*   *Mid-morning*   *Lunch*   *Mid-afternoon*   *Evening meal*   *Extra*   *Total for day*                                                                                                
  -------------------- ------------- --------------- --------- ----------------- ---------------- --------- ----------------- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------- ------- -------
  *Energy (kcal)*                                                                                                                                                                                                           
   1982                315           305             325       83                77               88        581               567    594    98     92     104    842    824    860    149    138    160    2067    2032    2102
   1989                309           299             319       89                82               95        610               596    624    105    100    111    953    936    971    101    92     109    2167    2133    2202
   1999                307           298             315       78                73               83        541               529    552    113    107    119    879    863    895    86     78     93     2003    1975    2030
                                                                                                                                                                                                                            
  *Protein (g)*                                                                                                                                                                                                             
   1982                10.0          9.7             10.4      2.3               2.1              2.5       22.8              22.2   23.3   2.4    2.3    2.6    33.4   32.8   34.1   2.4    2.2    2.7    73.4    72.3    74.5
   1989                10.3          9.9             10.7      2.7               2.5              2.9       23.1              22.5   23.6   2.8    2.6    3.0    38.0   37.3   38.7   1.3    1.2    1.5    78.2    77.1    79.4
   1999                10.9          10.6            11.2      2.4               2.3              2.6       22.4              21.9   22.9   3.3    3.1    3.5    38.0   37.3   38.6   1.1    1.0    1.3    78.1    77.1    79.1
                                                                                                                                                                                                                            
  *Fat (g)*                                                                                                                                                                                                                 
   1982                12.0          11.5            12.5      3.4               3.1              3.7       27.7              27.0   28.4   4.1    3.8    4.3    39.3   38.4   40.2   4.2    3.8    4.6    90.6    89.0    92.3
   1989                10.9          10.4            11.4      3.7               3.4              4.0       29.6              28.8   30.4   4.2    3.9    4.5    43.1   42.2   44.1   2.9    2.6    3.1    94.3    92.6    96.1
   1999                9.4           9.0             9.9       2.8               2.6              3.1       23.3              22.7   24.0   4.1    3.9    4.4    35.3   34.5   36.1   2.1    1.9    2.4    77.2    75.8    78.6
                                                                                                                                                                                                                            
  *Carbohydrate (g)*                                                                                                                                                                                                        
   1982                44.2          42.8            45.6      10.9              10.2             11.6      60.4              58.9   61.9   12.8   12.1   13.5   85.2   83.1   87.2   15.7   14.7   16.8   229.2   224.9   233.5
   1989                45.1          43.7            46.5      11.4              10.7             12.2      63.8              62.3   65.3   13.8   13.1   14.5   96.2   94.3   98.2   11.1   10.2   11.9   241.5   237.4   245.6
   1999                47.7          46.3            49.0      11.2              10.5             11.8      62.1              60.8   63.5   14.9   14.2   15.7   91.9   90.2   93.7   9.5    8.7    10.4   237.3   233.8   240.9
                                                                                                                                                                                                                            
  *Alcohol (g)*                                                                                                                                                                                                             
   1982                0.0           0.0             0.0       0.2               0.1              0.3       1.9               1.6    2.2    0.5    0.3    0.6    5.0    4.3    5.6    6.0    5.2    6.7    13.5    12.4    14.7
   1989                0.0           0.0             0.0       0.1               0.1              0.2       1.7               1.4    1.9    0.6    0.4    0.7    7.2    6.5    8.0    4.0    3.4    4.5    13.6    12.5    14.6
   1999                0.0           0.0             0.1       0.2               0.1              0.3       1.2               1.0    1.4    1.0    0.7    1.2    9.4    8.6    10.2   3.7    3.1    4.3    15.5    14.4    16.6
                                                                                                                                                                                                                            
  *NSP (g)*                                                                                                                                                                                                                 
   1982                2.3           2.2             2.4       0.3               0.2              0.3       3.7               3.6    3.8    0.4    0.3    0.4    5.1    5.0    5.3    0.4    0.4    0.5    12.1    11.9    12.4
   1989                2.5           2.4             2.7       0.4               0.3              0.4       3.9               3.8    4.0    0.4    0.4    0.5    5.7    5.6    5.9    0.3    0.3    0.4    13.3    13.0    13.6
   1999                2.6           2.5             2.7       0.4               0.4              0.5       4.3               4.2    4.4    0.6    0.6    0.7    6.5    6.4    6.7    0.4    0.3    0.4    14.9    14.6    15.1

Data are expressed as mean of ⩾3d of dietary records and 95% CI.
